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Abstract 

 

The following article gives an overview of the legislative developments in 

developed countries such as the US and the EU in relation to the implementation of 

Smart Grids (MG) in their territories, in particular a concept called Smart Metering 

(SM). It mentions the progress of Colombia in the adoption of plans that allow the 

construction of a plan for the future of the national energy sector. At the end of the 

article applies the theory of games to model the behavior of three possible actors 

who would intervene in the SM market and be able to determine possible balances 

that allow healthy competition that benefits all actors. 
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1 Introduction 
 

Smart grids refer to development and integration of technologies in the electrical 

engineering and information, communications and technology (ICT) within the 
power business (generation, transmission, distribution and Commercialization, inclu- 
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ding alternative energies); allowing the areas in charge of protection, control, 

instrumentation, measurement, quality and energy management, etc., are related or 

integrated In management systems with the objective of making an efficient and 

rational use of electric power [1]. According to International Energy Agency (IEA) 

for defines the Smart Grid as "... an electrical network that uses digital technologies 

and other technologies to monitor and manage the transportation of electricity from 

all sources of generation to satisfy the varied demand of the final user" [2]. 

This document intends to make an approximation to the legislation and current 

regulation that exists in developed countries such as the EEUU and the European 

Union (EU) and in the countries of the Andean region with characteristics economic 

similar to Colombia as Brazil and Chile. For understanding of the existing 

regulatory process, the present document is intended to focus on a particular 

element of the technologies present in the SG, this element is the Smart Metering.  

 

2 Background 
 

A first approximation to Smart Grid (SG) is a very broad concept that involves 

many elements and technologies that are related with specific aspects, such as: 

remote measurement, technologies that allow the integration of energy renewable 

with conventional, storage, transport, distribution, control of electric power, as well 

as the communication protocols. For this reason, the regulations which covers the 

subject matter itself is very scarce [3], although regulation exists in some of these 

aspects. 

 

2.1 IEA and the European Union 

 

The IEA developed a road map for SG [2]. Between the main features are: SG are 

essential for energy security, economic development and environmental mitigation. 

SG allow the demand management, the integration of renewable energies, energy 

Storage, electric vehicles and efficiencies. An important element that emphasizes 

the IEA is the physical and institutional complexity of electrical systems which 

makes it unlikely that companies will undertake the change on its own initiative, 

therefore, it requires an organization and coordination of efforts between public and 

Private. While smart grids have been making progress, require large scale 

demonstration projects that development, is the recommendation of the IEA. It is 

also established that legal and current regulatory constraints impede the 

development of these technologies. The European Union developed its vision of 

networks the objective is to ensure that by 2035 the will operate in a way that 

optimizes costs and environmental performance, increasing safety levels and 

quality and increasing the penetration levels of the renewable energies. An 

important element for the electricity market works efficiently is the design of a new 

business scheme and a framework regulatory framework. The IEA published a 

study on design and regulation of the market during the transition of energy systems 

with low carbon dependency [4]. 
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2.2. SG in Colombia 

For Colombia, the Ministry of Mines and Energy with the Ministry of Information 

Technologies and Communications requested the Inter-American Development 

Bank (IDB) to establish a "Technical Cooperation (TC) with the aim of identifying 

the most appropriate framework for do the implementation of Smart Grids (SG) in 

Colombia, according to the established in the strategy of the IDB for Colombia 

2012 – 2014". The overall objective of the technical cooperation consisted in 

"identifying the strategies, standards and regulations that best fit and ere necessary 

to successfully carry out the Implementation of the SG in Colombia" [5]. In 

Colombia there are not standards that make reference explicitly to SG or related 

concepts. However as part of the Colombia Intelligent program some standards are 

being revised in order to adapt them to the future implementation of SG. Some of 

these technical standards are: NTC-ISO/IEC 27001 "This rule has been developed 

to provide a model for the establishment, implementation, operation, monitoring, 

review, maintenance and improvement of a system of management of information 

security (SMIS)."[6]. How can observe, the object of this norm does not have some 

center concept related to SG, but if it intends to regulate related elements or that are 

present in the SG. Other rule that is being revised is NTC IEC 61000-4-30 which 

deals with Electromagnetic Compatibility (EMC) and methods of measuring the 

quality of power [7]. These two rules currently being revised are a it is clear that in 

Colombia, regulation in SG is a new topic and a little advanced. 

 

3 Regulation Smart Grid 
 

3.1 Regulation of the European Union and Spain 

In the countries of the European Union, progress has been legislation on the use and 

implementation of smart grids. In Europe, for example, legislation has been 

framework of implementation of smart meters. In The European Community 

directive 2009 in Annex 1 -Measures for Consumer Protection- establish that "The 

member States shall ensure the use of counter that will contribute to active 

participation of consumers in the electricity supply market ". Later, in the same 

section, a calendar for 10 years for the implementation of smart counters; Says the 

rule "... member States or any competent authority designated by them to prepare a 

calendar with the aim of up to ten years at the most for the application of smart 

counters systems". For 2020, at least 80% of consumers smart counters, in addition, 

to guarantee the interoperability of smart meter systems. All of the above could be 

subject to economic evaluation in order to guarantee and long term benefits that 

benefit the consumer [9]. 

In Spain, there is not a specific rules for Smart Grids. However, in current 

legislation includes elements such as smart measurement (Smart Metering), 

constituent elements of the SG. In The Spain legislation -RD1110/2007, 24 August 

and Order 

ITC/3022/2007- establishes the functionalities and the magnitudes physical 

characteristics of the counters and the system of tele management, as well as the 

management for the reduction of consumption in critical times. In the - ORDER  
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ITC/3860/2007 - establishes that by 2018 should replace the installed meters with 

devices that enable smart metering and consumption management. In as to the 

standardization of communication systems establishes that it must be a public, open 

and not owner [10]. 

 

3.2 EEUU Regulation 

 

In the United States a long-term plan has been drawn up for the modernization of 

the electricity distribution network, and this way, adapt it to the implementation of 

the Smart Grid. 

In "Grid 2030 A National Vision for Electricity's Second 100 years." Is called the 

gradual transition of technology which will allow"... modernize our electric 

delivery system ... for economic security ... and for national security” [11]. In [12] 

establishes in a whole section (Title XIII) where the main guidelines necessary for 

the implementation of the SG in the USA. Within its main character this is the 

modernization of the transmission system and distribution (section 1301); the state 

of development of SG and state barriers to legislation (1302); creation of 

specialized groups for research and development of standards and protocols (1303); 

interoperability between SG devices, the handling of information of these and the 

currently installed network (1305). In the same cost considerations and the private 

capital, among many other considerations.  

 

4 Games Theory 
 

Within non-cooperative games, there are static and dynamics. Static games assume 

that decisions of each player are taken simultaneously (without knowing the 

decisions of the other). In dynamic games it can happen that the decisions of the 

other player are known in advance. For the analysis it is considered a static game 

model. In addition, there are games with complete information in where all the 

players know the consequences of their decisions and games with incomplete 

information in where some player does not know the consequences. 

Payments It is the utility that each player receives according to the result of its 

strategy. In the proposed model payments the laws of supply and demand. 

Strategy It is a complete plan of actions that tell the player who move choose in 

each passable position [13]. 

 

4.1 Modeling the model 

 

Players (J): Company (J1), user (J2) and Regulator (J3) is: 

J = (J1,J2,J3). 

 

The strategies of each player are different and correspond to the actions that each 

actor takes before the behavior of a central element such as the rates. The strategies 

of the providing companies (J1) is raise rates (ST) or lower rates (BT); the strategies 

of the users (J2) are: withdraws (R) or remains (P); finally, the strategies of the  
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regulator (state) is to punish (C) or encourage (I). The previous set of strategies 

summarized below, where S1 is the strategies of J1, S2 those of J2 and S3 those of 

J3. 

It should be noted that the strategies of the players are taken simultaneously, this 

means that each player does not know in advance the strategy that will take other. 

In addition, all players are aware of the payments made and available strategies for 

each consequently, the information is in the public domain. 

 

s1 = (ST,BT) s2 = (R,P) s3 = (C,I) 

 

The set of payments are specified in table II. The interpretation of payments in the 

table (ST, R, C) is the next: when the company raises the rates (ST) it obtains a 

positive payment of 1 since it would represent him in principle higher incomes, but 

loses customers; if the user plays withdraws (R) will be rewarded with a payment 

of 2 since he will seek the same service in another company at a lower cost, if the 

regulator plays punish (C) will be awarded a positive payment of 1 since as a 

regulator it must prevent companies tariffs to the detriment of users and should take 

punitive measures such as raising taxes on companies, but in this case you should 

not be so hard on the company to encourage competition. In the second frame (ST, 

P, C), companies in principle gain with the increase of the rates (2 units), but if the 

user remains (P) will cost you to pay more in fees so your strategy is penalized with 

minus two units (-2); The regulator, in this case, it must exercise more severe 

sanctions (2) against of the company, since it must prevent them from becoming in 

oligopolies or monopolies that concentrate the market. 

 

In the table (BT, R, C) the company will have a negative payment (-2) since you 

will get lower income besides losing users, users will also have a negative payment 

(-2) and the regulator, by choosing to punish, would be discouraging the company 

and therefore its strategy will be punished (-2) also. In the table (BT, P, C), the 

company will obtain a payment positive of 1 since the user remains, the user is 

would benefit from the reduction of tariffs, therefore your strategy will be rewarded 

with 2 and if the regulator punishes (C) would be a bad strategy and get a negative 

payment (-2) since he would be carrying out an action of punishment in front to 

appropriate behavior. The same reasoning are followed for the second part of Table 

I where the strategy taken by the regulator is to incentivize the company (I). 

Table II shows the information in the table I in normal form, adding five units (5) 

to each value, to avoid negative values. 

 

Table I.  Payment relationship for the 3 players 

Regulator J3 User J2 

C R P 

 

Company J1 

 

ST 1,2,1 2,-2,2 

BT -2,-2,-2 1,2,-2 

Regulator J3 User J2 
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Table I.  (Continued): Payment relationship for the 3 players 

 

C R P 

 

Company J1 

 

ST 1,2,1 2,-2,2 

BT -2,-2,-2 1,2,2 

 

The problem approach is taken from [14] as the author of this article contributes 

basis for the construction of tables and fundamental concepts, however, values, 

players and subsequent development of the game. 

 

4.2 Result´s Evaluation – Game solution 

The idea of solving the game is based on the concept of optimal solution which is 

the one that best suits who is poses the problem, in this case it would be the solution 

that more is adjusted to an ideal free market. 

 

Table II. Payment relationship for the 3 players in a normal way 

Regulator J3 User J2 

C R P 

 

Company J1 

 

ST 6,7,6 7,3,7 

BT 3,3,3 6,7,3 

Regulator J3 User J2 

C R P 

 

Company J1 

 

ST 6,7,4 7,3,3 

BT 3,3,7 6,7,7 

 

In Table II, it can be seen that there is a combination of strategies that allow J2 to 

have a relationship of payments that benefit you. In the following lines, it is 

observed four combinations of strategies that allow the player J2 the maximum 

possible payment ratio. However, this combination of strategies is not strictly 

dominant since it does not comply with (1) (with this strategy, it does not maximize 

the gain for the other combinations) 

 
u2(ST,R,C) = u2(BT,P,C) = u2(ST,R,I) = ... 

... = u2(BT,P,I) = 7                                                                                  (1) 

 

As the players are rational and they know that the other players are also; make the 

best decisions as appropriate. In this sense players will NOT play strategies that 

represent less payment for what is eliminate some strategies that players are 

supposed to (Iterative Elimination of Strategies strictly Mastered EIE). For example 

J1 will discard strategies where the payment is the lowest, ie 3; J2 will do the same 

thing and J3. The surviving strategies are: 
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S1
EIE(ST,R,C) = 6,7,6 

S2 
EIE (ST,R,I) = 6,7,4 

S3
EIE(BT,P,I) = 6,7,7 

 

Applying the criterion of Iterative Elimination of Strategies Efficiently Mastered 

IES for player J3 has to be surviving strategy is (2). For J1 and J2 the strategies that 

are taken are indifferent (both have the same values). 

However J3 defines the solution of the game. Recall that J3 is in charge of 

regulation and must have sufficiently clear criteria to enable them to make decisions 

for and against the other actors, in addition to doing comply with laws and free 

competition agreements. 

 

                                                                      (2) 

 

The solution of the game is the set of strategies expressed in (2). The solution was 

found by elimination of dominated and heavily dominated strategies. 

 

4.3 Nash equilibrium 

 

The Nash equilibrium (NE) is a necessary condition (in some cases also sufficient) 

so that a profile strategy is the solution of the game, that is, it is a valid prediction 

about the behavior of the players [14].The set expressed in (2) constitutes a balance 

of Nash. 

The NE is defined in (3) where for each player i,S* is a solution of the problem and 

constitutes the variable of decision. In the game that is being analyzed the NE is 

obtained underlining the highest values for each player in the table II, the set of 

strategies that define the NE is that in where all values are underlined in a single set 

of strategies. 

 

                                                                                  (3) 

 

5 Discussion of results 
 

The IEA report highlights prices, regulation and the participation of multiple 

companies to ensure competitive market from the perspective of the user. At 

proposed theory of games are taken into account these elements to try to model the 

behavior of the market and the consequences for the different actors if breach with 

them. Consequently, the result obtained in (2) is the best set of strategies that actors 

(rational) can take, that is, companies should choose to lower the rates (BT) so that 

its subscribers remain in the company (P) and the state regulator can encourage (I) 

this behavior, promoting competition through a clear policy of regulation in favor 

of user. However, as highlighted in the report of the IEA [4] there are strong 

distortions in the market such as concentration in the electrical distribution in few 

companies (Endesa in Spain, for example), on the contrary, the increase in relation 

to the purchasing power is on the rise. From the above it can be concluded that the  
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game theory model departs from the reality of the market and approaches an ideal 

state of equilibrium (Given in (2)) is difficult to attain, at present. In other words, 

there is an imbalance of Nach where some actor, in consumers are strongly affected 

by low payment function; in the real world can be translated in tariff increases, 

without the possibility of withdrawal (R), associated with other loads such as the 

environmental impact by high-carbon energies, among many other factors. 

 

6 Conclusions 
 

The European Union and the United States have already developed a clear and 

concrete route map on the implementation of Smart Grids in their territories, so 

much so that there are plans pilot that are already under evaluation. They have 

advanced in the field of regulation and public policy of stimulus to the use of new 

technologies in the generation and efficient use of electricity. In Colombia, 

opposite, there are very general concepts, a regulation almost non-existent and 

disarticulated efforts by universities, and the public sector sustainable, efficient and 

competitive development of Smart Grids within a reasonable period of time. Fits 

emphasize, however, that efforts have already been made to part of the IDB and 

public and private institutions generate a framework for determining the best 

strategies in regarding regulation and standardization of SG. 

 

If the necessary and sufficient stimuli are generated to competition in the business 

of specifically in intelligent measurement, and there are a strong regulatory 

framework in favor of users and in against oligopolies, private enterprise will see a 

clear opportunity for investment and business benefiting also the user and society 

in general.  
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